Background: Experimental studies show developmental toxicity of boron and we recently found impaired weight and length in newborns of mothers exposed to boron through drinking water during pregnancy. Objectives: To evaluate potential impact of pre-and postnatal boron exposure on infant anthropometry. Methods: In our mother-child cohort (n = 177) in Argentinean Andes, where drinking water concentrations of boron, lithium and arsenic have been found to vary considerably, we collected maternal blood and urine during and after pregnancy, placenta, breast milk, as well as infant urine and blood during the first 6 months of life. In all samples, boron and other potentially toxic elements were measured by ICP-MS. Infant weight (g), length (cm) and head circumference (cm) were measured at birth, 0-3 (n = 120) and/or 3-6 months (n = 120; 79 overlap) of age. 
Introduction
Boron is a naturally occurring metalloid and elevated concentrations in well water are quite common (WHO, 2009 ). The World Health Organization guideline value for boron in drinking water is 2.4 mg/L (WHO, 2011) , the EU standard is 1 mg/L (Weinthal et al., 2005) , and that in USA 0.6-1 mg/L, depending on state (EPA, 2008) . Concentrations exceeding even the WHO guideline value have been reported from areas in Argentina, Chile, Germany, Estonia, Sweden, the Mediterranean basin, Turkey and Afganistan (Queste et al., 2001; Col and Col, 2003; Weinthal et al., 2005; Concha et al., 2010; Cortes et al., 2011; Karro and Uppin, 2013; Hayat and Baba, 2017) . Also some brands of bottled water have been found to contain high boron concentrations, one as much as 120 mg/L (Reimann et al., 2010) . The estimated average human intake from food is about 1 mg/day, mainly through vegetables and nuts (Meacham and Hunt, 1998; Rainey et al., 1999; EPA, 2008) .
Boron is virtually completely absorbed by the gastrointestinal tract and rapidly excreted via the kidneys; the half-life being 4-27 h Schou et al., 1984; Litovitz et al., 1988) . However, little is known about potential health effects. In experimental animal studies boron exposure has been shown to cause testicular lesions (Weir and Fisher, 1972; Kudo et al., 2000) , but studies on workers with occupational exposure to boron have not revealed evidence of impaired fertility (Sayli et al., 1998; Scialli et al., 2010) . Other experimental studies have shown effects on early-life development, including bone malformations and lower birth weight (Weir and Fisher, 1972; Price et al., 1996) . There are also indications of interaction with thyroid hormones (Armstrong and Spears, 2001; Popova et al., 2017) . A recent study from Turkey did not find any association between boron exposure (n = 199 women) and adverse pregnancy outcomes, including decreased birth weight (Duydu et al., 2018) . However, there were only 27 women with blood boron concentrations above 150 µg/kg (72% had < 100 µg/kg), and past pregnancy outcomes, including birth weight, were obtained through questionnaire. In contrast, another recent study in the Andean part of northern Argentina with varying boron concentration in the drinking water showed that serum boron concentrations above 80 µg/L (total range 0.73-605 μg/L, n = 194) during pregnancy were inversely associated with length and weight at birth (Igra et al., 2016) . In the present study, we followed up the infants of those women to evaluate the potential impact of pre-and postnatal boron exposure on infant growth.
Materials and methods

Study population
This study was based on a mother-child cohort recruited in the Andean part of the Salta province in northern Argentina between 2012 and 2014 (Harari et al., 2015) . Pregnant women, mostly of indigenous origin, were recruited in the main village San Antonio de los Cobres and nine surrounding villages, located at 3100-4070 m above sea level. Local economy is mostly based on handcrafts, trading, mining and breeding of livestock such as llamas, goats and sheep. The diet consists largely of meat, root crops, vegetables, and some dairy products and fruits. Our previous studies revealed wide variations in drinking water concentrations of boron (335-5956 µg/L), lithium (8-1000 μg/L), and arsenic (3.5-208 μg/L) (Concha et al., 2010) . Therefore, we set up studies to evaluate potential impact of such exposures during early life.
All pregnant women in the region and with delivery date between October 2012 and December 2013 (n = 221) were invited to participate in the mother-child cohort (Harari et al., 2015) . Out of these, 194 women became enrolled to the study (participation rate: 88% Fig. 1 ). There were a few spontaneous abortions (n = 2) and out migration, resulting in 180 children born into the study. We managed to follow-up a total of 120 infants at 0-3 months and 120 at 3-6 months of age, with 79 being seen at both occasions. The loss to follow-up was mainly due to the mentioned logistic problems, in a few cases also due to refusal to continue the study. The large study area with poor quality of most roads (unpaved outside the main village San Antonio de los Cobres) made it often difficult to bring the infants and/or the study team to the health clinics. During the rain period, some of the roads were completely destroyed.
Oral and written informed consent from all women was obtained before recruitment; for women younger than 18 years, also by their caregivers. The study was approved by the regional ethical committee at Karolinska Institutet (KI), Sweden, and by the Ministry of Public Health in Salta Province, Argentina.
Exposure assessment
Assessment of prenatal boron exposure was based on concentrations in maternal serum in third trimester, which was found to be higher than earlier in pregnancy and more closely associated with birth anthropometry (Igra et al., 2016) , and in cord blood collected at birth. We have previously reported that boron concentrations in maternal serum and whole blood were highly correlated (r s = 0.87, p < 0.001), and that both of these correlated strongly with boron in urine (r s = 0.76 and r s = 0.72, p < 0.001, respectively) (Igra et al., 2016) . Boron exposure in the infants was based on concentrations in breast milk and urine at 0-3 and 3-6 months, and in whole blood at 3-6 months. We managed to obtain urine samples from 114 infants at 0-3 months and 112 at 3-6 months, and blood from 117 of the mothers at 0-3 months post-partum and from 106 infants at 3-6 months. Breast milk was obtained from 118 mothers at 0-3 months and 119 at 3-6 months. Due to the small blood volume obtained from several of the infants, we were not able to obtain serum, thus, boron concentration was measured in infant whole blood only. However, the concentrations in infant whole blood and urine were strongly correlated (r s = 0.62, p < 0.001).
Sampling and preparation of maternal drinking water, urine, whole blood, and serum have been described previously (Harari et al., 2015) . Cord blood samples were collected in Trace Elements Sodium Heparin tubes and in Trace Elements Serum Clot Activator tubes (Vacuettes; Greiner bio-one) and processed in the same way as the maternal blood samples. Infant blood was sampled from the dorsal side of the hand, using a sterile hypodermic needle (KD-FINE®, KD Medical GmbH Berlin, Germany) and open vacutainers (Trace Elements Sodium Heparin tube, Vacuette®; Greiner bio-one, Kremsmünster, Austria). Infant urine was collected using sterile pediatric urine collection pouch (Urinocol® B. Braun Medical, France) and transferred to 24 mL trace-element free polyethylene bottles. While waiting for the infants to urinate, the mothers collected breast milk. After careful cleaning of the breast with a wet wipe, the mother collected the milk by gentle compression into 20 mL polyethylene tubes (Harari et al., 2015) . All samples were kept at −20°C at the hospital in San Antonio de los Cobres until transport (on ice) to Karolinska Institutet, Sweden, where they were stored at −80°C until analysis.
Determination of boron and other metals
Concentrations of boron were measured in serum, whole blood, breast milk, urine and drinking water by Inductively Coupled Plasma Mass Spectrometry (ICP-MS; Agilent Theologies 7700 ×, Tokyo, Japan), with Octopole Reaction System). As previous studies from the same region observed elevated concentrations of arsenic, lithium and cesium in the drinking water, besides boron (Concha et al., 2010) , the exposure to these elements was also measured in maternal samples (Harari et al., 2015; Igra et al., 2016) , as well as in infant samples.
Before analysis, whole blood and serum samples were diluted 1:25 using an alkali solution made of 2% butanol, 0.05% EDTA, 0.05% Triton X-100, 1% NH 4 OH and 96.9% ionized water, then sonicated (5 min) and centrifuged (2 000 rpm, 5 min), as described previously for C. Hjelm et al. Environmental Research 171 (2019) 60-68 the maternal samples (Igra et al., 2016) . Samples of urine and water were diluted 1:10 with 1% nitric acid (HNO3 65% w/w, ppb-trace analysis grade, Scharlab S.L., Sentmenat, Spain). Details of measurements of other elements have been described elsewhere (Concha et al., 2010; Harari et al., 2015) . To compensate for variations in urine dilution, measured element concentrations were adjusted to the mean urinary osmolality (122 mOsm/kg at 0-3 months and 223 mOsm/kg at 3-6 month), measured by a digital cryoscopic osmometer (OSMOMAT® 030, Gonotec Gesellschaft für Meß-und Regeltechnik mbH, Berlin, Germany). The breast milk samples were prepared using both alkali dilution and acid digestion before measurement by ICP-MS. The results showed good agreement between the two sample preparation methods (r s = 0.96) (Levi et al., 2018) . In this study, we used the boron concentrations based on the alkali method, which involved dilution of the breast milk samples 1:25-35 using the same method as for the blood and serum samples. This method gave slightly higher concentrations and lower limit of detection than acid digestion.
Outcomes and covariates
The outcomes considered in this study were infant weight, length and head circumference at 0-3 months and at 3-6 months. Infant weight was measured with a baby scale (Seca 725 Mechanical Beam Baby Scale, Brooklyn, NY, 143 U.S.A.), length was measured by using a portable wood infantometer to the nearest 5 mm with the infant in supine position, and birth head circumference was measured with a non-stretchable, soft plastic tape line with mm indications.
During pregnancy the women were interviewed about age, last menstrual period (LMP), pre-pregnancy weight, parity, time and place of residence, tap water sources and other water, dietary habits, family income, living conditions, smoking, passive smoking, alcohol consumption, coca chewing, personal and family history of diseases and pregnancy outcomes (Harari et al., 2015) . At birth, weight, length and head circumference were measured. At the follow-up time points of the infants (0-3 and 3-6 months after birth) the mothers were interviewed about infant feeding practices, and infant urine and breast milk samples were collected. Maternal height was measured at the first visit to the hospital or local health clinics, while women's weight was measured in a standardized way (the same portable scale) at each visit. Gestational age was calculated using the date of LMP.
Statistical analysis
All statistical analyses were performed using STATA (StataCorp LP. 2012. Stat Statistical Software: Release 12.1. College Station, TX, USA). Descriptive statistics were used to present basic information of the mothers and infants, including outcomes and exposures. The relationships between exposure measures, outcome variables and covariates were initially assessed by Spearman's rank correlation coefficients (r s ) and visually evaluated using scatter plots. Box plots were used to visualize the impact of breastfeeding (exclusive or not exclusive) on boron concentrations in infant urine and the differences were evaluated by Mann-Whitney test.
Associations between boron exposure and infant anthropometric measures were assessed using multivariable-adjusted linear regression. All exposure concentrations were log2 transformed to obtain normally distributed residuals. In a first model, we adjusted for infant age at follow-up only (Model A). We then additionally adjusted for variables known to affect infant growth and that influenced the estimates more than 10% (Model B). Because the indigenous women are generally short in height we used maternal height (cm) instead of BMI (mean prepregnancy BMI was 23.4 ± 3.9 kg/m 2 ). Infant age (days) at the time of follow-up, sex, birth weight (grams), birth length (cm), and birth head circumference (cm) were all significantly associated with the infant anthropometric measures (p < 0.05). Parity did not markedly affect the results of any model. The final models were also adjusted for exclusive breastfeeding (yes/no) at the time of the exposure measure (0-3 or 3-6 months). We also adjusted for lithium and arsenic exposure (log2 transformed urine concentrations), as these elements were present in drinking water in the study area, have been shown to affect fetal growth, and they influenced most of the estimates for boron more than 10% in a couple of the models. In the models with prenatal exposure using maternal serum boron as exposure biomarker, adjustments in Model B included lithium in maternal whole blood during pregnancy and arsenic in maternal urine during pregnancy, in order to limit collinearity. In the model based on cord blood boron, we adjusted for lithium in whole blood during pregnancy and arsenic in urine during pregnancy (spearman correlation of boron with lithium and arsenic in cord blood was 0.79 and 0.65, respectively). Both lithium in maternal whole blood and arsenic in urine were found to be stable throughout pregnancy (data not shown). In models with postnatal exposure, lithium and arsenic concentrations in infant urine were the only exposure variables available. Potential impact of collinearity was tested by excluding the other exposure markers, one at a time. Also, when evaluating associations between urinary boron at 0-3 months and anthropometric measures at the same age, we adjusted for breast milk concentrations of arsenic and lithium (both log2 transformed), instead of the urinary concentrations of these elements, in the infants who were reported to be exclusively breastfed.
Results
Mother and child characteristics
Characteristics of the women and the infants are presented in Table 1 . The infants lost to follow-up did not differ markedly regarding the background characteristics from those included in the study, and there were no major differences between the children followed up at 0-3 and 3-6 months of age, except the anthropometric measures. The median age of the women was 24 years.
Most of the women had lived in the study area for very long time (median 19 years; Table 1 ). In the interviews, more than 90% of the women reported that their mother came from any of the study villages or from other Andean areas, e.g. Jujuy and Catamarca (7% unknown). Also, most of the women who knew the origin of their grandmothers (67%) reported essentially the same Andean areas.
Median parity was 1 and 38% of the women were first-time mothers. Thirty-three of the infants (18%) were born preterm, i.e. before gestational week (GW) 37. Median birth weight was 3050 g and 8% of the infants had low birth weight (< 2500 g). In total 76% of the infants were exclusively breastfed at the follow-up at 0-3 months and 57% at 3-6 months, according to the mothers.
Boron exposure
Boron concentrations in drinking water collected during the study period ranged 377-16076 µg/L (median: 5863 µg/L; n = 114) and the concentration in each water source was quite similar during the whole study period. For example, six water samples collected over almost one calendar year at the hospital had boron concentrations ranging 4954-6212 µg/L. For comparison of boron concentrations across exposure biomarkers, we selected mother-infant pairs with all information at each time period evaluated ( Table 2) . Concentrations of boron in maternal serum were similar to those in whole blood (third trimester (GW 28-39): r s = 0.83, 0-3 months post-partum: r s = 0.95). Both showed moderate correlation with concentrations in drinking water (serum boron: r s =0.28, p = 0.0001). Maternal blood boron increased markedly from late pregnancy (GW33 on average) to the first follow-up postpartum (median values: 146 and 268 µg/L, respectively, r s = 0.42; n = 101). Like in the mothers, there was a strong correlation between boron in cord blood and cord serum (r s = 0.82). The high boron Table 1 Maternal and infant characteristics. Values represent median (range), or %.
C. Hjelm et al. Environmental Research 171 (2019) 60-68 concentrations in cord serum (median: 196 µg/L, i.e. just in between the concentration in maternal serum in GW33 and that at the first follow-up about 50 days post-partum) is indicative of a rapid transfer to the fetus. The correlation of boron concentrations in cord blood with those in placenta (r s = 0.73 p < 0.001; Fig. 2A ) was much stronger than the correlation with concentrations in maternal blood at GW33 (r s = 0.41, p < 0.001; Fig. 2B ). Boron concentrations in breast milk (median: 274 µg/L at 0-3 months after delivery) were similar to, and strongly correlated with, those in maternal serum (median: 266 µg/L; r s = 0.94; Table 2 and Fig. 3 ). Breast milk boron concentrations at 3-6 months (median: 293 µg/L) were slightly higher than at 0-3 months, but the variations were considerable and the difference was not statistically significant (p = 0.13). However, the concentrations at the two time points correlated moderately (r s = 0.45, p < 0.001, n = 87). Unfortunately, we had no maternal blood samples at 3-6 months to compare with, but the correlation coefficient for boron in breast milk and maternal urine was 0.60 (p < 0.0001; n = 118). The correlation with arsenic and lithium in breast milk was r s = 0.49 and 0.64, respectively, but there was no association between the breast milk concentrations of boron and those of calcium, magnesium, phosphorous, zinc, iron and selenium (r s > 0.1).
Boron concentrations in infant urine collected 0-3 months after birth correlated with those in breast milk collected at the corresponding point in time (r s = 0.46, p < 0.001). The correlation became markedly stronger if restricted to infants who were reported to be exclusively breastfed (r s = 0.68 p < 0.001, Fig. 4) . Still, the scatter plot indicates that some of those infants in fact did receive some water. The boron concentrations in urine of infants who were reported to be exclusively breastfed at 0-3 months (median: 541 µg/L, n = 81) were about twice as high as those in the breast milk they received (median: 266 µg/L, collected within an hour of the infant urine sampling). An even bigger difference was found for the exclusively breastfed infants at 3-6 months (median urine: 1327 µg/L, median breast milk: 293 µg/L, n = 55). The much higher concentrations in urine of the infants that were not exclusively breastfed demonstrate the strong impact of water intake on a Adjusted to mean osmolality (122 mOsm/kg at 0-3 months and 223 mOsm/kg at 3-6 months). infant boron exposure (Fig. 5) . This was particularly evident at 3-6 months, when fewer infants were exclusively breastfed.
Boron and infant growth
The multivariable-adjusted regression analyses of early-life boron exposure with infant anthropometry at 0-3 months are shown in Table 3 . There were no significant associations of prenatal exposure, assessed as the boron concentration in maternal serum in late gestation or in cord blood at birth, with infant anthropometry, although all models showed negative estimates. In particular, there was a tendency of shorter infants at higher boron concentrations in cord blood (B: −0.52, 95% CI: −1.1; 0.10, p = 0.082). In the basic cross-sectional model (Model A, adjusted for infant age only), there was a significant inverse association of boron in infant urine with infant weight at 0-3 months (Table 3) . Adjusting for additional covariates (Model B) resulted in stronger inverse association of urinary boron and body weight, and also the inverse association with head circumference became statistically significant. Each doubling of boron in infant urine was associated with a decrease in body weight of 141 g, corresponding to 0.15 SD. and a decrease in infant head circumference of 0.39 cm, corresponding to 0.21 SD. Neither arsenic, nor lithium, in infant urine was significant in the models. Excluding urinary lithium from the fully adjusted model for body weight weakened the estimate for urinary boron (B: −73), while excluding only urinary arsenic strengthened the estimate (B: −168), indicating little impact of collinearity. Additional adjusting for the mothers´residence time in the study villages did not change the estimate much (B: −143), and residence time was not significant in the model. Furthermore, restricting the model to the infants who were reported to be exclusively breastfed and adjusting for breast milk arsenic and lithium (both log2 Boron concentrations in infant urine at 0-3 months were also inversely associated with infant weight and length at 3-6 months of age after adjustment (Model B, Table 4 ). Each doubling of boron in infant urine was associated with a decrease in infant weight of about 200 g, corresponding to 0.22 SD, and a decrease in infant length of 0.57 cm, corresponding to 0.38 SD. Adjusting for infant weight, length and head circumference at 0-3 months, instead of size at birth, did not markedly change the estimates for urinary boron (Model C, Table 4 ). The concurrent boron exposure, i.e. boron concentrations in urine or blood at 3-6 months, was not significantly associated with infant anthropometry at 3-6 months, although all estimates were negative.
Discussion
This prospective study, involving a population-based mother-child cohort, provides the first evidence that exposure to boron during early infancy may be detrimental for post-natal growth. We found an inverse association between boron concentrations in infant urine during the first few months in life and the infants' body weight, length and head circumference. The results are in line with our previous finding that maternal serum boron concentrations during pregnancy were associated with impaired fetal growth in the same cohort (Igra et al., 2016) . In the present follow-up, the prenatal exposure, assessed by boron concentrations in maternal serum in late gestation or in cord blood was generally inversely associated with infant anthropometry, however, the associations were weaker than those with infant exposure and not statistically significant.
The present study was conducted in the Andes at 3100-4070 m above sea level, an altitude that has been associated with less successful pregnancy outcomes, in particular low birth weight (Jensen and Moore, 1997) . However, most of the women in our study were of indigenous origin, mainly belonging to the Kolla community (Harari et al., 2015) , with generations before them being situated in high altitude villages of the Andes. Most likely, this has resulted in adaptation to high altitude, including reproductive fitness (Julian et al., 2009; Wolfson et al., 2017) . Residence time had no impact on the associations between boron exposure and infant weight. 
Table 3
Multivariable-adjusted linear regression analysis of infant anthropometry at 0-3 months of age in relation to concentrations of boron in maternal serum in late pregnancy, cord blood and concurrent infant urine (all log2 µg/L). Most of the infants were reported to be exclusively breast-fed in early infancy (76% of the infants at 0-3 months and 57% at 3-6 months). In agreement with previous studies (Harari et al., 2012) , we found a strong correlation between boron in maternal serum (median 266 µg/L) and breast milk (median 274 µg/L), indicating that there is no regulation of boron in the mammary gland, but possibly transfer by passive diffusion. This is supported by the absence of any correlation between the milk concentrations of boron and those of calcium, magnesium, phosphorous, zinc, iron and selenium. Similar concentrations of boron in breast milk as those in the present study have been reported for lactating mothers in Arica, northern Chile, where drinking water also contained elevated boron concentrations (Harari et al., 2012; Castro et al., 2014) . In areas of Canada, Sweden and USA without elevated boron exposure through drinking water, breast milk concentrations were mostly in the range 10-60 µg/L (Hunt et al., 2004 (Hunt et al., , 2005 Bjorklund et al., 2012) . A fairly stable breast milk concentration of boron over time has been suggested to indicate a metabolic regulation and homeostatic control of boron (Hunt et al., 2004 (Hunt et al., , 2005 . However, a more likely interpretation is that the dietary intake of boron was fairly stable over time. No serum concentrations were reported in the studies by Hunt and coworkers. In spite of the observed rapid transfer of boron from maternal plasma to breast milk, it is obvious that breastfeeding still protects against elevated boron exposure. Because of the rapid excretion of boron in urine (Igra et al., 2016) , the boron concentrations in maternal serum and breast milk were only a fraction (about 5%) of those in the drinking water used by the mother (median 5800 µg/L). As a consequence, infants who were exclusively breastfed had markedly lower boron exposure than those who were not exclusively breastfed (Fig. 5) . Interestingly, the boron concentrations in infant urine were only 14 times higher than the blood concentrations (at 3-6 months), while the corresponding ratio was 80 in the infants' mothers during pregnancy (Igra et al., 2016) , which might indicate a longer half-life in infants compared to adults. Further, the ratio in the infants tended to decrease (and the half-life increase) with increasing boron exposure, and above 500 µg/L in blood, the ratio between urine and blood boron was only 6.4.
Importantly, the associations of boron exposure in early infancy (0-3 months) and later anthropometry (3-6 months) were very little attenuated by adjusting for the anthropometric measures at 0-3 months instead of birth weight, indicating that there was a continued effect of the boron exposure on infant growth. This suggests that the infants did not become less susceptible with increasing age. The lack of associations in the cross-sectional evaluation of infant anthropometric measures at 3-6 month might have been due to the fact that the exposure became more variable with time because of more frequent intake of boron-rich drinking water and food, resulting in exposure misclassification when based on a single measure. The very high boron concentrations in urine of quite a few of the infants that the mothers claimed were exclusively breastfed (Fig. 5) , indicate that even these infants did receive some water. Obviously, the younger infants, most of whom were indeed exclusively breast-fed, had a more stable exposure.
Additional support for an increased risk of adverse health effects due to early-life boron exposure is the previous finding that increasing boron concentrations in placenta, which we found were strongly correlated with concentrations in cord blood, were associated were associated with impaired delta-aminolevulinic acid dehydratase (ALA-D) activity in newborns (n = 197) in France, also after adjustment for lead, a well-known ALA-D toxicant (Huel et al., 2004) . The median placenta concentration in the French study was 80 µg/kg (range: 30-260 µg/kg), which is lower than in the present study (median: 133 µg/kg, range: 1.1-605 µg/kg). Moreover, both epidemiological and experimental studies indicate that elevated boron exposure adversely affects thyroid function (as reviewed by (Popova et al., 2017) , which is known to increase the risk of impaired growth (Benyi and Savendahl, 2017) .
A number of animal studies have also demonstrated developmental toxicity of boron. Impaired fetal growth, kidney lesions, and malformations of ribs and brain were observed following gestational boron exposure of rats, mice and rabbits (Price et al., 1996; Fail et al., 1998) . The no observed adverse effect level (NOAEL) for developmental toxicity was estimated to 9.6 mg/kg body weight/day during gestation (Fail et al., 1998) , and this value has been the basis for most health risk assessments and drinking water and dietary guideline values (WHO, 2009; EFSA, 2013) . However, when fetal weight was evaluated against blood boron concentrations in the rat dams (Price et al., 1997) , the decrease in birth weight appeared to start already at blood concentrations around 1000 µg/L. For comparison, maternal serum boron concentrations in the present study ranged to about 750 µg/L.
The strength of the present study is the prospective design with measurements of the infants at birth and then twice during the first 6 months of age. We used multiple biomarkers of exposure, i.e. blood, urine, placenta, breast milk and drinking water, and measured the concentrations of boron and other potentially toxic elements with sensitive ICP-MS. The main limitation is the small number of infants studied. We invited all women that were pregnant during a period of 15 months and had a very high response rate (88%). Due to multiple logistic problems related to the vast study area with very poor means of transportation, and frequently destroyed roads during the rain period, we lost many of the infants for the follow-ups. Another limitation is the multiple exposures through drinking water; in particular lithium, the Table 4 Multivariable-adjusted linear regression analysis of early-life boron exposure and infant anthropometry at 3-6 months of age. concentrations of which were correlated with those of boron in the exposure biomarkers, and all exposures were lower in exclusively breastfed infants than in those given drinking water. Although the measures of exposure to arsenic and lithium were generally not significant in the statistical models, we decided to include all available potential confounders or effect modifiers in the models. As this might cause over-adjustment we present also the results of models without metal adjustments.
In conclusion, boron exposure in early infancy was inversely associated with infant weight, length and head circumference during the first 6 months in life. Thus it is essential to follow up the children in the present study area as well as in other settings world-wide with elevated drinking water boron. In particular, it would be of interest to study interactions with other risk factors, including other types of toxic exposure.
